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Abstract 

The Indian Space capsule (SRE-1) launched aboard PSLV-C7 rocket, was recovered successfully in the Bay of Bengal on 
January 22, 2007 after its orbital sojourn of 12 days. Apart from serving as a platform for micro-gravity experiments, SRE-1 
demonstrated ISRO’s capability in the field of orbital reentry and recovery technologies. Satish Dhawan Space Centre (SDSC 
SHAR), the Spaceport of India was given the prime responsibility of assessment of mission risk, formulation and execution 
of safety plans and procedures, design and conduct of trials for validating the mission-critical sub-systems as well as the 
physical recovery of the capsule. To achieve these objectives, a number of drop tests were designed and conducted by SDSC 
SHAR involving real time computer network, ground-based tracking and telemetry stations, communication systems, safety and 
material handling systems, target identification and recovery systems. Dissemination of relevant information and coordination 
with multiple external organizations such as Indian Coast Guard, Indian Air Force and Indian Navy is an important aspect of 
these experiments. This paper delineates the methodologies designed and implemented at SDSC SHAR for validating those 
critical systems whose functionality finally culminated in the success of the mission, enabling India to join the elite group of 
nations with reentry module recovery capability. 
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1. Introduction 

SRE-1 weighing 555 kg was launched aboard PSLV- 
C7 rocket, as co-passenger with CARTOSAT-2 on 10th 
January, 2007, into 635 km circular polar orbit. It has 
a sphere-cone-flare configuration with base diameter 
2.03 m and height 1.67 m. The module was de-orbited on 
March 22, 2007, after conducting micro-gravity exper¬ 
iments. It splashed into the Bay of Bengal 48 min after 
the de-boost command was issued to fire the thrusters 
under closed loop guidance and control. The Indian Cost 
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Guard (ICG) sighted the floating module based on pre¬ 
dicted impact point obtained from de-boost state vec¬ 
tor. After pollution monitoring checks in the vicinity, 
the module was recovered, transferred to a ship and 
brought back to Satish Dhawan Space Centre (SDSC) 
SHAR. 



Prior to the orbital injection of SRE-1, SDSC SHAR 
carried out a number of studies pertaining to mis¬ 
sion risk, formulation of safety plans and experiments 
for sub-system qualiflcation. These experiments were 
designed and conducted around a number of drop 
sorties to validate onboard deceleration system, floata¬ 
tion system, target identiflcation system, as well as 
ground-based pollution monitoring system, propel¬ 
lant passivation system, material handling system and 
communication system. 

Evaluation of risk factors, design of safety plans and 
procedures and execution of experiments for the val¬ 
idation of onboard mission-critical sub-systems along 
with successful recovery procedures are addressed in 
this paper. 

2. Evaluation of risk factors 

Risk to the public due to reentering spacecraft arises 
from its unintended impact on land or high value as¬ 
sets in the sea. Hence the impact point is to be located 
at a safe distance from the coast taking into consider¬ 
ation performance deviations of onboard sub-systems 
and uncertainties in the environmental conditions, drag 
coefficients, etc. Keeping these in view the nominal im¬ 
pact point is planned at 13°20^N latitude and 81°26'E 
longitude, which is about 140 km from the east coast of 
SDSC SHAR. 


2.7. Nominal impact point and its dispersion 

This is specified so as to realize the de¬ 
signated impact in the sea at a sufficiently safe 
distance from land. After extensive Monte Carlo sim¬ 
ulations, nominal dispersions were estimated. Eor 
SRE-1, the three sigma impact dispersion ellipse is 


30 km (along track) x 5 km(cross track) about the nom¬ 
inal impact point. 


Impact point and ship location 
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Stay-out zone for recovery crew is configured as 
50 km (along track) x 15 km (cross track). Recovery 
ships were positioned at a lateral distance of 15 km 
from the major axis of impact dispersion ellipse. 

2.2. Failure modes and impact points 

Eailure modes of onboard thrusters, navigation, guid¬ 
ance and control systems up to the point of reentry are 
simulated and Monte Carlo analysis was carried out in 
order to ascertain the sensitivity of various failures on 
the down range and cross range dispersions. The failure 
detection system in the de-boost thrusters is so designed 
as to minimize the cross range dispersions. Typical fail¬ 
ure cases resulting in land impact are generated, impact 
points are computed and the corresponding risk factors 
were estimated. 

2.3. Computation of risk 

The risk due to impact of the module for nominal, 
off-nominal and failure cases were estimated. This was 
repeated for all possible failure modes leading to land 
impact. Risk is estimated using the formula 

C.E = SPi ' Di ' Ai, i = l-n population zones 

C.£' = casualty expectation, Pf = probability of impact, 
Di = population density and A/ = casualty area. 

Eor this analysis cross range dispersion of 10 km (six 
sigma) is assumed. Hazard area is estimated to be 20 
square meters considering SRE-1 as inert debris with¬ 
out any toxicity effects. Under nominal performance of 
all sub-systems of SRE-1 capsule, its impact will be at 
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the centre of the shaded-green ellipse in the adjacent 
figure. For this impact point, the associated risk is zero, 
because there are no known human settlements nor any 
known high value assets. Due to marginal under per¬ 
formance of de-boost thrusters, the impact point may 
overshoot/undershoot the nominal impact point. 

3. Safety procedures 

3.1. Testing phase 

Areas devoid of population, forests, habitats for avian 
species and high value assets were chosen as testing 
grounds. Separate test-areas measuring 4km x 4km in 
the Pulicat Lake and Bay of Bengal were identified for 
this purpose. For the Pulicat Lake test site, module en¬ 
tanglement with overhead high tension electrical lines 
was totally avoided. During sea drop trials, special care 
was taken to keep fishing trawlers off the operating 
zone. Extra care was taken during the sea drop tests for 
preventing the module reaching the bottom of the sea. 
Fuel venting tests were carried out in a Ground-Level 
Reservoir (GLR) simulating the impact conditions of 
the module. 



Fig. 1. Test site in Pulicat lake. 


capsule was partially immersed in the water during 
transit. This would prevent any residual fuel leakage, 
pollution and ensure minimum mechanical damage to 
the module/silica tiles during transportation. 

3.2.5. Propellant venting 

Before releasing the module for observation and dis¬ 
assembly, all the propellant in the tanks is vented. 


3.2. Recovery phase 

3.2.1. Collision avoidance (COLA) with space debris 
Time of reentry of SRE-1 was computed using the 

collision avoidance software so that the capsule would 
not collide with any known object/debris in space. 

3.2.2. Operation zone clearance 

Information about the capsule reentry schedule was 
passed on to Mercantile and Marine Department, Air 
Traffic Control, Government Eisheries Department, lo¬ 
cal administrative authority, etc. This would prevent any 
casualty to the public. 

3.2.3. Passivation and pollution monitoring 

Euel lines/vents in the module were closed by plug¬ 
ging the fuel outlets. This would ensure that fuel does 
not leak any further and cause hazard to the recovery 
crew. Pollution monitoring was carried out by releas¬ 
ing a sensor from helicopter into the sea water, in the 
vicinity of the module. This has ensured that operational 
personnel were not exposed to toxic gases/acid while 
handling the module. 

3.2.4. Material handling and transportation 

The transportation container was so designed that 
it was partially filled with water and the recovered 


4. Design of experiments for systems qualification 

A number of experiments were designed and con¬ 
ducted at SDSC SHAR to qualify the important and 
critical sub-systems for ensuring safe and soft recov¬ 
ery of the module. The sub-systems which underwent 
verification and validation during these experiments are 
given below (Pig. 1). 

4.1. Telemetry and tracking system 

A dummy test was conducted on June 23, 2004 
at the designated area in the Pulicat lake. The main 
objective is to receive onboard data from the flying 
module while being tracked by multiple radars. The 
associated test objectives are: (a) stability of the flight 
of helicopter carrying a model of SRE capsule, (b) 
voice communication between helicopter and ground 
stations and (c) robustness of instrumentation cable 
routing from model of SRE capsule to helicopter. This 
is essentially a dummy test for ensuring that all the 
basic house keeping parameters are in order (Pig. 2). 

4.2. Parachute deployment system 

This test was conducted on June 28, 2004 at the 
designated area in the Pulicat lake. The main objective 
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Fig. 2. Model being picked up from pit. 


Pilot 


Stabiliser 


Fig. 3. Deployed pilot and stabilizer chutes. 

is to test the functionality of deceleration system. The 
associated test objectives are: (a) parachute sequencing 
along with pyro devices, (b) the triggering unit in verifi¬ 
cation mode and (c) measuring the system performance 
parameters through telemetry and tracking (Figs. 3 
and 4). 

4.3. Triggering unit 

This test was conducted on August 19, 2004 at the 
designated area in the Pulicat lake. The test objectives 
are same as those in Section 4.2 except that the trigger¬ 
ing unit is in active mode (Fig. 5). 

4.4. Propellant passivation system—tank filled with 
helium gas instead of propellant 

This test was conducted in the ground level reservoir 
at SDSC SHAR on March 30, 2005. The associated 
test objectives are: (a) to ascertain survivability of the 




Fig. 4. Drogue chute deployed. 



Fig. 5. Main chute deployed. 


passivation system, (b) to measure the output of impact 
switch at a descent rate of 15 m/s speed and (c) to con¬ 
firm its survivability (Fig. 6). 

4.5. Propellant venting system—tank filled with 
propellant and pressurized 

This test was conducted in the ground level reservoir 
at SDSC SHAR on October 07, 2005. 

4.6. Floatation system, location aids, pollution testing 
methodology and module recovery operations 

This test was conducted on June 09, 2005 at a dis¬ 
tance of 20 km from East coastline of SDSC SHAR, into 
the Bay of Bengal. The designated impact point in the 
sea is located at 80°25' East longitude and 13°40' N lat¬ 
itude. The associated test objectives are: (a) functional 
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Fig. 6. Fuel venting test in GLR. 



Fig. 7. Test site in the Bay of Bengal (sea drop test). 


verification of complete parachute and floatation sys¬ 
tem with pyro devices and triggering unit, (b) measuring 
the system performance parameters through telemetry 
and tracking, (c) functional and procedural verification 
of propellant passivation system and pollution monitor¬ 
ing system and (d) exercising the functionality of sea 
marker dye, locating beacon, auxiliary buoys, towing 
device, lifting net, lifting mechanism and transportation 
systems. This test has helped in ascertaining the func¬ 
tionality of almost all the sub-systems (Fig. 7). 

5. Description of experiments 

5.7. Air drop tests 

Three air drop tests were conducted at Pulicat Lake 
adjacent to the west coast of Sriharikota island. Fig. 1 


shows the location of the designated area identified for 
the test. The first test was essentially to ascertain the 
normalcy of the flight of the helicopter with under¬ 
slung SRE module and verify the normalcy of various 
house keeping parameters in the module along with 
the establishment of suitable communication with the 
ground control room in order to execute the required 
sortie patterns. A fibre-optic LAN consisting of central 
servers, C band radars, telemetry stations and graphic 
displays is configured to support these sorties. Heli¬ 
copter is allowed to make sortie patterns as per the direc¬ 
tions of the Range Safety Officer. In this test the mod¬ 
ule was brought back and gently placed on a nylon net 
erected near the originating point, but not dropped in the 
Pulicat lake. The helicopter lifted the module from a pit 
and executed the required patterns for about 50 min and 
placed the module on a nylon net erected near the pit. 
All the test objectives were met. The second test was 
also conducted in the same location but the module was 
dropped in the lake at the designated release point so as 
to reach the estimated impact point. Radar track data at 
10 Hz was acquired at central servers and was processed 
to provide time-tagged altitude, ground range and rela¬ 
tive velocity, which indicated the decelerations realized 
from the parachute systems. In the second test, the trig¬ 
gering unit was in verification mode. During the third 
test in the Pulicat lake, the triggering unit was in active 
mode. Some of the test results are reproduced below. 

Module was dropped from an altitude of 5 km at a 
horizontal speed of 30m/s. 

All parachute systems functioned successfully. 

Sequencer and avionics systems functioned well. 

All pyro devices functioned well. 

Airborne telemetry system was successfully tested. 

Commands were issued by triggering unit based on 
inputs from baro-sensors. 

Module was recovered from the shallow water/slush 
in the Pulicat lake (Fig. 8). 

5.2. Ground level reservoir tests 

Two passivation tests were conducted at the ground 
level reservoir located in SDSC SHAR. A model of 
SRE made out of mild steel was used with the simulated 
mass of 532kg. Propellant tank made of mild steel was 
filled with helium gas upto 16 bar. In the first passivation 
test, real propellant was not used. Three units of impact 
switches were located on each of two deck plates. One 
Safe Arm Relay Box was used inside the module. A 
crane was used to drop the module from a height of 
about 20 feet. The results from the first test were as 
expected. In the second passivation test, real propellant 
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Fig. 8. Drop test in Pulicat Lake. 

was used and pressurized upto 16 bar in the tank. The 
other parameters were same as in the first GLR test. 
Propellant venting was done by manual command. The 
results from the tests were as expected. 

5.3. Sea drop test 

Sea drop test was carried out at SDSC SHAR to vali¬ 
date all the sub-systems. A helicopter was configured to 
carry a flight model of the capsule and made to execute 
sorties in the Bay of Bengal, 20km off the eastcoast of 
Sriharikota island, at an altitude of 5 km with a horizon¬ 
tal speed of 40m/s. The test objectives are mentioned 
under Section 4.6. Space capsule was instrumented with 
an EPIRB which upon impact activated a 406 MHz ra¬ 
dio beacon whose signal is received by the SARSAT 
satellite. This in turn activated the local user terminal 
(LUT) which provided the impact latitude and longi¬ 
tude tagged with beacon ID. A sea marker dye sachet 
was attached to the body of the capsule. Once the cap¬ 
sule is submerged in the sea waters, the dye converted 
the surrounding waters to fluorescent green which was 
easily detectable even from a distance of 2 km. During 
this test all the components and aspects for a veritable 
reentry have been exercised. 

5.4. Capsule recovery trials 

Under guidance from SDSC SHAR, Indian Coast 
Cuard, Chennai conducted a number of experiments 
with flight model drop tests at the Bay of Bengal sea 
to qualify the functionality of special diving suits, un¬ 
der water photography, auxiliary buoys, towing systems, 
lifting and handling systems. Material handling group 



Fig. 9. Module recovery trials in Bay of Bengal. 


Table 1 


Parachute 

Altitude (km) 

Initial velocity 
(m/s) 

Final velocity 
(m/s) 

Pilot 

5.0 

44.6 

52.6 


5.0 

44.6 

53.8 

Drouge 

3.8 

82.7 

47.4 


3.8 

82.3 

47.2 

Main 

2.1 

47.4 

12.0 


2.2 

47.2 

12.0 


at SDSC SHAR developed procedures for module han¬ 
dling and transportation from Chennai port to SDSC 
SHAR. During all these trials voice and data commu¬ 
nication systems were exercised and tested (Fig. 9). 

6. Test results 

In all the tests, the deceleration system worked 
well and the terminal velocity of 10-14 m/s has been 
achieved (Table 1). 

The dispersion in the impact point was estimated as 
500 m, mainly attributed to the variations in the wind 
from the time of wind measurement to the time of im¬ 
pact. The parachute deployment timings were qualified 
during all the drop tests. The baro-sensors, salt-sensor 
and impact-sensors were all qualified. The functionality 
of the floatation buoy was verified. The sea-marker dye 
spread was verified. The propellant vent line plugging 
function has been exercised. The pollution monitoring 
methodology and the PPM levels were verified. The 
functionality of the auxiliary buoys, towing system, un¬ 
derwater photography, etc. were tested. The adequacy 
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Fig. 10. SRE-1 space capsule recovery scenario. 


and functionality of voice/data communication systems 
were established (Fig. 10). 

7. Discussion 

A number of agencies were required to carry out these 
experiments. Full session briehngs were made about the 
test objectives, test environment, test set-up, test proce¬ 
dure and the expected results. Details of each experi¬ 
ment to be conducted were documented, illustrated and 
presented to the agencies concerned. Tests were con¬ 
ducted under benign wind conditions in order to min¬ 
imize the dispersions due to wind. Algorithms were 
developed to compute the release point of the capsule 
using trajectory simulation software. The release point 
was computed in such a way that the impact point would 
be at the centre of the predetermined impact area. Track 
data recorded during the tests were edited, hltered and 
matched to get the best ht trajectory by adjusting the 
parachute hhing and deployment durations and the cor¬ 
responding drag coefficients. The test prohle and im¬ 
pact zone were chosen so as to aid in the acquisition by 
radars and telemetry systems. 

8. SRE-1 module recovery 

The module was de-boosted and the hrst estimate 
of its impact point was communicated to the recovery 
crew. The second estimate of the impact point computed 
after using the track data from Saskatoon station for tra¬ 
jectory rehnement, was also transmitted to the recovery 


crew. Telemetry data from the module was received by 
the ship borne station and relayed to the Spacecraft Con¬ 
trol Centre at Bangalore, until the module splashed into 
the sea water. One hour after the impact of the module, 
safety clearance was issued to the recovery crew. The 
Indian Coast Guard at Chennai dispatched a Domier air¬ 
craft which cited the module floating in the sea. Pollu¬ 
tion test was carried out from the helicopter. Propellant 
vent lines were plugged. Underwater photography has 
been carried out. Recovery ship with auxiliary buoys, 
Gemini boats and lifting aids approached the module, 
towed it to the ship, lifted it and brought it to the shore 
at Ennore port. The floatation buoy was punctured for 
aiding in the lifting operation. It was kept in a specially 
prepared container and transported to SDSC SHAR. 

9. Conclusion 

The successful reentry and recovery of the SRE-1 
module proved the efficacy of the studies, experiments, 
methodologies and their implementation pertaining to 
safety and systems qualihcation. 
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